The ETView® tube is a standard endotracheal tube with an embedded miniature video camera that permits real-time video imaging of the tracheal lumen. We evaluated its use when performing percutaneous dilatational tracheostomy (PDT) in an ex vivo animal model. The model consisted of a pig larynyx and trachea. The ETView tube was used as an alternative to bronchoscopy, to see all manoeuvres of PDT in real time. At the end of the PDT, operative time and any complications such as trauma to the cricoid cartilage, tracheal wall or tube cuff were assessed. Nine PDT procedures were performed by two experienced operators. The mean operative time was 7.1 ± 0.9 minutes. No complications were observed. Our study supports the use of the ETView tube as a suitable alternative to bronchoscopy when performing PDT, although clinical studies are required to confirm our experimental results.
Percutaneous dilatational tracheostomy (PDT) techniques are widely used in many intensive care units (ICUs) in patients requiring long-term mechanical ventilation 1, 2, 3 . The procedure is based on the Seldinger technique, which involves entering the tracheal lumen with a needle and cannula, passing a guide-wire through the cannula and creating a tracheal stoma using a dilator 4, 5 . PDT is usually performed under bronchoscopic view in order to increase the safety of the procedure 1, 3, 5 . However, the use of bronchoscopy needs specific skills. In addition, the leaks around the bronchoscope and endotracheal tube adapter, and the increased airways resistance due to the bronchoscope inserted within the endotracheal tube, may result in wasted ventilation, temporary hypercapnia and hypoxia 1, 5 . The ETView Tracheoscopic Ventilation tube®(ETView TVT®, Misgav, Israel) is a standard endotracheal tube incorporating an embedded miniature video camera, a light source and an irrigation port. It permits real-time video images of the tracheal lumen to confirm the correct placement of the tube within the airway 6, 7, 8 . In this study, we evaluated the feasibility of performing PDT using the ETView tube as alternative to bronchoscopy, in an experimental animal model.
Materials and Methods

Study design
The present study was planned by the Anesthesia and Intensive Care Unit and the Thoracic Surgery Unit of the Second University of Naples. The study design was approved by the Institutional Review Board (IRB) of the Second University of Naples (approval number: 17936/2015).
To assemble the animal model, porcine models were collected as by-products of routine pig processing for human consumption; no pigs were killed for the purpose of this study. All operators used universal precautions due to the potential infection risk of the animal model. All animal models were incinerated according to hospital policy at the end of the procedure.
ETView TVT
A 7.5 mm ETView TVT was used. The external structure, wall thickness, and length of the ETView TVT are similar to the standard tracheal tube. The ETView TVT incorporates a mini video camera, 2 mm in diameter, a light source embedded in the tip of the tube, and a port for irrigation and aspiration. The view from the tracheal tube tip appears in real time on a portable monitor available in sizes of 9 or 18 cm, which is battery-or cable-operated. This allowed visualisation of all manoeuvres of PDT in real time.
The ETView TVT has US Food and Drug Administration approval and CE (Conformité Européene, manufacturer's declaration that the product complies with the relevant European health, safety and environmental protection legislation) marking, and is available in Europe and North America 6, 7, 8 .
Experimental pig model
Our group recently described the assessment of an experimental animal model 9 . Briefly, the model involved the placement of a porcine laryngotracheal block on a hard backing. A simulated skin and soft tissue interface was created using the placement of sponge and plastic wrapping over the tissue construct (Figure 1) .
To maximise the number of PDTs, two procedures were performed on each animal model. The first puncture was initiated at the most inferior available portion of the trachea. At the end of the procedure, the ETView TVT was examined for puncture marks. In addition, the trachea was opened and visually inspected to detect any signs of damage such as trauma to the posterior wall, cricoid or ring fractures, or other abnormalities.
Procedure
The PDT was performed according to the Ciaglia Blue Rhino method using a commercially available kit (Cook® Ciaglia Blue Rhino™ Percutaneous Tracheostomy Introducer Set with EZ-Pass™ Hydrophilic Coating, Cook Critical Care, Bloomington, IN, USA).
The main steps of the procedure are shown in Figure  2 . Briefly, the ETView TVT was inserted into the larynx and passed down the trachea. The light reflex (transillumination) was used to choose the best spot for introducing the needle (usually at the level of the second or third tracheal ring). At this level, pressure was applied with a finger against the anterior wall of the trachea and the compression was endoscopically confirmed. A syringe, connected to an 18 gauge needle with a plastic sheath and half-filled with normal saline, was advanced towards the trachea while aspirating. During these manoeuvres, the ETView TVT was withdrawn below the vocal folds, to avoid damaging the cuff or impaling the tube. The needle was placed at the inferior edge of the light reflex. Under endoscopic view, the needle was directed caudally into the tracheal lumen, to minimise trauma to the posterior tracheal wall. When the needle tip was seen endoscopically in the tracheal lumen, the operator aspirated air into the syringe to check correct placement. The syringe and needle were removed, leaving the plastic sheath in place.
A guide-wire, covered by hydrogel (Glissen Gel, Teleflex Medical Europe Ltd, Athlone, Ireland) to facilitate its insertion, was advanced through the catheter sheath and the sheath removed. The progression of the guide-wire into the trachea was confirmed by endoscopic view. At this level, a small incision was performed and a plastic guiding catheter was inserted over the guide-wire. The dilator was loaded on the guiding catheter, and gently pushed through the tracheal wall, until it was seen within the tracheal lumen on the monitor. The full insertion proceeded under vision in order to reduce the risk of perforating the pars membranacea thus creating a false passage directly between the posterior wall of the trachea and the anterior wall of the oesophagus. When a large fistula was created in the trachea (32 French gauge), the tracheostomy tube was inserted under endoscopic view.
Evaluation of the procedure
To assess the feasibility and the safety of the procedure, at the end of each PDT the following data were registered: (i) loss of airway; (ii) puncture of the cuff tube; (iii) impalement of tube; (iv) damage of the posterior wall of the trachea; (v) tracheal ring fracture. The time from needle insertion into the trachea to inflation of the tracheostomy tube cuff (operative time) was also measured.
Results
A total of nine procedures were performed successfully by two operators (AF and FF) having experience with PDT and bronchoscopy. The mean operative time was 7.1 ± 0.9 minutes. No complications such as cuff tube damage, loss of airway, damage to the tracheal wall or tracheal ring fractures were observed.
Discussion
With the increased need to perform tracheostomy at a patient's bedside, PDT has become a standard procedure in most ICUs. Despite it being less invasive than surgical tracheostomy, several complications including bleeding, perforation of the posterior wall of the trachea, and fracture of a tracheal ring may occur during PDT if poorly performed.
Several authors 1, 10, 11 reported that the use of bronchoscopy during PDT reduces the rate of complications compared to a blind procedure. However, bronchoscopy needs specific skills and may add several problems. Leaks around the bronchoscope and endotracheal tube adapter and/or higher airways resistance from the bronchoscope inserted in the endotracheal tube may result in wasted ventilation, temporary hypercapnia, and hypoxia 1, 5 . In patients with acute brain injury, acute elevations in intracranial pressure may occur during the performance of bronchoscopy 12 . Furthermore, the bronchoscope movements during endoscopy can produce a misplacement of the endotracheal tube causing a difficult airway.
In clinical practice, the ETView tube has been used successfully for difficult airway management; for continuous airway visualisation for early diagnosis of intraoperative tube displacement during percutaneous nephrolithotomy 6 ; with bronchial blockers for left lung isolation 7 ; and for airway management of tracheal injuries 8 . The ETView tube guarantees the same ventilation obtained with a standard endotracheal tube, but with the main advantage of allowing a continuous view of the airway. Thus, we planned an experimental study to evaluate whether the ETView tube could be a valuable alternative to bronchoscopy to perform PDT, an issue not previously reported. The procedure was performed in a home-made animal model, previously used by our group for teaching PDT 9 . Unlike our previous experience, in the present study the ETView tube was used instead of bronchoscopy to see the different manoeuvres of the PDT in real time.
Two operators having experience with use of bronchoscopic and with PDT 13, 14, 15 performed all procedures. The lack of complications such as damage to the cricoid cartilage, tracheal rings, or the posterior tracheal wall confirmed the feasibility of the procedure. Percutaneous tracheostomies involving the cricoid cartilage, or causing tracheal ring fracture, have been implicated in the development of subglottic stenosis 16 . The rate of posterior tracheal wall injury in clinical series is given as 2-4% 17, 18 , but Nickels et al 16 , in an experimental study, found an incidence of posterior needle trauma and mucosal lacerations of 35% and 50% respectively, in sheep undergoing PDT. In addition, no damage to the tracheal tube cuff or extubation occurred. All these aspects are important since in live patients they can lead to failure of ventilation, loss of positive airway pressure, and possible aspiration of gastric contents, blood, and secretions. Also the operative time was similar to that reported for standard PDT, confirming that the ETView tube did not increase the duration of PDT, which could be associated with more hypercapnia and probable increases in intracranial pressure 1 . Our study supports the use of the ETView tube as a valid alternative to bronchoscopy to perform PDT. It allows continuous visualisation of the airway as with bronchoscopy, during the different manoeuvres of PDT, such as the introduction and the progression of the needle and cannula, the insertion of the guide-wire through the cannula, and the creation of a tracheal stoma using a dilator. Unlike bronchoscopy, the ETView tube does not affect ventilation and, in theory, anaesthetists who have poor familiarity with bronchoscopy may be able to use it. The ETView tube has an integrated high-resolution imaging camera embedded in the tube's tip. The images can be viewed on a battery-or cable-operated liquid-crystal display (LCD) monitor that provides a high-resolution view similar to that of standard videobronchoscopy. In addition, the portable monitor may be placed at the bedside of the patient, close to the anaesthetist, to facilitate the view of the procedure. Compared to bronchoscopy, the ETView tube also presents several economic advantages. The cost of one disposable ETView tube is currently about €70 (A$104), and the monitor, which can be used repeatedly, is €750 (A$1,117) . In contrast, the initial cost of a fibreoptic bronchoscope with a dedicated video is about €40,000 (A$59,600). In addition, fibreoptic bronchoscopy requires further costs for setup and maintenance which are not necessary for the ETView tube.
Obviously, our results should be considered with caution, since our study is unable to assess whether the performance seen in our animal model may be reproduced in live patients.
Being an ex vivo model, the trachea was always free from secretions or blood, which may make the procedure more difficult in a live patient. In a live procedure, changing a standard ETT to an ETView tube may be hazardous, especially in patients with a difficult airway. In theory, this manoeuvre may be facilitated by the use of an airway exchange catheter that reduces the risk of losing control of the airway.
Thus, the next step will be to evaluate, in clinical practice, the achievability of the results obtained in our experimental model, and to select those patients in whom PDT using the ETView tube may be indicated.
